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ABSTRACT: Sclerotinia sclerotiorum causes white mold in crops, leading to severe yield
losses in cucumber and many vegetables. This study evaluated the biocontrol potential of
the Trichoderma aggressivum, Bacillus paralicheniformis, and earthworms Aporrectodea
trapezoides against this pathogen. The pathogen was isolated from infected plants and
evaluated for pathogenicity in pots experiments. In vitro, T. aggressivum showed strong
antagonism (Bell’s scale grade 2), B. paralicheniformis inhibited fungal growth by 89.7%
and earthworms consumed 80% of hydrated sclerotia. Under plastic house conditions, all
treatments reduced disease incidence (T. aggressivum: 76.67%, B. paralicheniformis:
83.33%, Earthworms: 86.67%) and severity (AUDPC: 82.2, 99.03, 116.48 respectively).
They also increased peroxidase activity (79.77, 65.8, 62.03 AAbs/min/g) and phenolic
content (118.1, 101.5, 96.5 mg/g).

INTRODUCTION

Sclerotinia sclerotiornm is a plant pathogen that infects over a few hundred monocotyledonous and dicotyledonous plant species,
including economically important crops like cucumbers, tomatoes, soybeans, and edible dry beans, which causes significant yield
losses (17). This fungus causes white mold disease, which leads to soft rot and fast decay of plant tissue, often resulting in major
yield loss (14). Chemical fungicides are commonly used to control soil-borne diseases such as S. selerotiorum. However, their
excessive use can pose health risks, leave chemical residues in crops, harm beneficial soil microorganisms, promote the
development of resistant fungal strains, and negatively impact the environment and soil health, including the earthworms that
inhabit it (3, 31). As an alternative, biological control strategies have gained more attention as they can be a practical alternative
for managing plant diseases. Plant Growth-Promoting Rhizobacteria (PGPR) have been successfully used to reduce soilborne
diseases and support plant growth (2, 28). Bacillus species are among the PGPR known for their strong ability to combat plant
fungal diseases and serve as effective biocontrol agents against plant pathogens (5). These bacteria contribute to overall plant
health by suppressing fungal growth and enhancing nutrient availability (20). Bacillus paralicheniformis has demonstrated significant
biocontrol potential due to its ability to produce bioactive secondary metabolites, including fengycin, bacillibactin, and
bacitracin, which contribute to its antagonistic activity against plant pathogens (8). Trichoderma spp. can inhibit soil-borne
pathogens like S. sclerotiornm through mechanisms like mycoparasitism, production of antibiotics, and promoting plant growth,
which enhances the plant's defense mechanisms and induce systemic resistance against pathogens. furthermore, the application
of Trichoderma spp. significantly improves vegetative growth and yield traits in crops such as potato, as it improves some
parameters including increased stem number, leaf area, chlorophyll content, tuber production, and carbohydrate percentage (33,
1). Trichoderma aggressivum f. sp. enropaeum has been shown to reduce disease severity caused by Pythium ultinum by neatly 63%,

while also improving root growth under salt stress, confirming its potential as both a biocontrol agent and plant growth
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promoter (32). Earthworms not only improve soil health and microbial diversity but also play an important role in suppressing
soilborne diseases. Their presence has been associated with enhanced plant growth and reduced disease severity in crops like
tomato, eggplant, and asparagus, likely through the shift of beneficial microbial populations in the rhizosphere. Furthermore,
The decomposition products of earthworms are rich in nutrients and growth-promoting compounds that support microbial
growth, highlighting their potential role in enhancing soil fertility and serving as natural biofertilizers which can inhance plant
growth and resistance against pathogens (11, 37). Recent findings also confirm that earthworms significantly influence bacterial
community structure, decomposition rates, and root development which supports their potential as a sustainable addition for
soil and plant health management (35). This study aimed to evaluate the efficacy of various biological agents in controlling white
mold disease caused by S. sclerotiorum on cucumber. The research included isolation and identification of the pathogen,
assessment of the pathogenicity of selected isolates on cucumber seedlings under pot conditions, and in vitro evaluation of the
antagonistic activity of 1. aggressivum and B. paralicheniformis. Additionally, the ability of earthworms (Aporrectodea trapezoides) to
consume 8. selerotiorum sclerotia was examined under laboratory conditions. The study also investigated the individual effects of
B. paralicheniformis, earthworms, and T. aggressivum on disease incidence, area under the disease progress curve (AUDPC),
peroxidase activity, and total phenol content in cucumber plants, in order to evaluate their role in inducing systemic resistance

in the field under plastic house conditions.
MATERIALS AND METHODS

Isolation of the Pathogenic Fungus Sclerotinia sclerotiorunr: Infected samples of cucumbers showing symptoms of S.
sclerotiornm infection were randomly collected from plastic houses during December of the 2023-2024 growing season. Samples
were taken from 3 locations: Al-Yusufiyah,Wasit, and Al-Jadriya (University of Baghdad). The infected plants exhibited
characteristic symptoms such as white mycelial growth and the presence of sclerotia. The samples were placed in polyethylene
bags labeled with collection site and date, and transported to the Plant Pathology Laboratory, Department of Plant Protection,
College of Agricultural Engineering Sciences for further examination. Sclerotia were individually collected from infected plant
stems. Surface sterilization was carried out using a 1% sodium hypochlorite solution for 2 minutes, followed by rinsing in sterile
distilled water for 1 minute and drying on filter paper. Each sclerotium was cultured on a 9 cm Petri dish containing sterile PDA
medium, which had been autoclaved at 121°C and 1.5 kg/cm? pressure for 15 minutes. Cephalexin antibiotic was added to the
medium at a concentration of 250 mg/L. The inoculated plates were incubated at 25+2°C for five days until fungal mycelium
developed. Each isolate was purified separately by transferring a portion of the actively growing mycelial edge to new sterile

PDA plates, which were then incubated at 251£2°C until sclerotia formation occurred.

Pathogenicity Test of Sclerotinia sclerotiorum Isolates on Cucumber seedlings in Pots: This experiment was conducted
at Research Station B, Department of Plant Protection, College of Agricultural Engineering Sciences, University of Baghdad.
Three fungal isolates of S. sclerotiorum were tested on cucumber plants in pots. A sterilized loamy soil was prepared using an
autoclave at 121°C and 1.5 kg/cm? pressure for one hout, tepeated twice. The soil was placed in plastic pots, each containing 2
kg of soil. Cucumber seedlings (15 days old) were transplanted into the pots, with three seedlings per pot and three replicates
for each fungal isolate. Inoculation followed the method of Zhang e a/. (38). Wooden toothpicks, 3 cm in length and of uniform
thickness, were soaked in 5% sugat solution in glass flasks and stetilized in an autoclave at 121°C and 1.5 kg/cm? pressute for
20 minutes. The sterilized toothpicks were then placed on sterile PDA medium in Petri dishes and inoculated with a 5 mm
mycelial disc from each fungal isolate separately. The dishes were incubated for two weeks to allow fungal colonization. Prior
to inoculation, cucumber plants were misted with sterile distilled water. Inoculated toothpicks were inserted into the main stem
near the shoot apex of each plant. The pots were then covered with polyethylene bags for three days to maintain humidity.
Three non-inoculated pots served as controls for comparison. Plants were irrigated as needed and monitored. Data were
recorded 15 days post-inoculation. Koch’s postulates were fulfilled by re-isolating the fungus from the infection sites and
culturing it on PDA medium to confirm the presence of S. sclerotiorum. The percentage of infected plants was calculated using
the following formula:

number of infected plants

x 100

1) %incidence =
Total number of plants

Disease severity was assessed using the disease rating scale by Dixon and Doodson (10), which includes six levels:
0= No visible symptoms

1=Lesion length does not exceed 2 cm.
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3=Lesion length more than 2 and up to 4 cm.

4= Lesion length more than 6 em and up to 8 cm, without complete stem  girdling.
5=Lesion length exceeds 8 cm with complete stem girdling, causing wilting and plant death. The disease incidence and infiction
severity was calculated according to Mickenny's equation (27). The most virulent isolate was identified on the molecular level
using PCR method and confirmed that the isolate belongs to Sclerotinia sclerotiornm and was registered in GenBank and assigned
the accession number PV082170.

Antagonistic Activity Test of Trichoderma aggressivum Against the Pathogenic Fungus Sclerotinia sclerotiorum: The
dual culture technique was employed to assess the antagonistic interaction between the biocontrol fungus T. aggressivum (obtained
from the Department of Plant Protection, College of Agricultural Engineering Sciences, University of Baghdad) and the
pathogenic fungus S. selerotiorum. A'5 mm mycelial disc of T. aggressivum, aged five days, was placed at the center of one half of a
Petri dish containing PDA medium, while an identical disc from a five-day-old colony of S. sclerotiornm was placed at the center
of the other half using a sterile cork borer. Control plates containing a single disc of either fungus were also prepated. The
dishes were incubated at a temperature of 25 + 2°C (16). The experiment was conducted with four replicates, and obsetvations
were recorded after one and two weeks of incubation. The antagonistic effect was evaluated according to the scale developed

by Bell ¢# al. (6), which consists of five grades:

Grade 1: The biocontrol fungus completely overgrows the pathogenic fungus.
Grade 2: The biocontrol fungus covers three-quarters of the Petri dish.
Grade 3: Each fungus occupies half of the dish.

Grade 4: The pathogenic fungus covers three-quarters of the dish.

Grade 5: The pathogenic fungus fully covers the dish.
*The biocontrol fungus is considered effective when it exhibits grade 1 or grade 2 antagonism.

Antagonistic Activity Test of Bacillus paralicheniformis Against the Pathogenic Fungus Sclerotinia sclerotiorum: The
antagonistic activity of B. paralicheniformis against S. sclerotiorum was evaluated using the dual culture technique (the bacterium was
previously obtained from soil and molecularly identified as B. paralicheniformis and was registered in GenBank and assigned the
accession number PV089010) . A 5 mm plug from a 5-day-old culture of the pathogen was placed on one side of a PDA plate.
On the opposite side, B. paralicheniformis, pre-cultured for two days on nutrient agar (NA), was streaked using a sterile loop. The
plates were incubated at 25 £ 2°C for seven days, after which the growth of fungal mycelium was assessed. Control plates were
inoculated with the pathogen alone. The zone of inhibition between the pathogen and the bacterial isolate was measured to
determine antagonistic activity. The experiment followed a completely randomized design (CRD) with four replications. The
percentage of radial growth inhibition was calculated using the following formula:

2) 1 = S2-R2 100

R1

Where:
1% = inhibition Percentage of radial growth

R1 = Maximum radius of mycelial growth on the control plate

R2 = Maximum radius of mycelial growth toward the bacterial colony on the treated plate.
Determining the Most Effective Dilution of Bacillus paralicheniformis Against Sclerotinia sclerotiorum: To find the
most effective concentration of B. paralicheniformis in reducing the growth of S. sclerotiornm, serial dilutions were prepared from a
48-hour-old culture grown in Nutrient Broth. One milliliter of the culture was added to 9 mL of sterile distilled water to create
dilutions ranging from 107" to 1078, From each dilution, 1 mL was mixed into melted Potato Dextrose Agar (PDA) before it
solidified. The plates were gently swirled to distribute the bacteria evenly. Three replicate plates were prepared for each dilution,
along with three control plates containing only PDA. Once the medium had solidified, a 5 mm plug was taken from the edge
of a 5-day-old S. selerotiorum culture and placed at the center of each plate. Plates were incubated at 25 + 2°C for three days.
After incubation, fungal growth was measured, and the percentage of inhibition was calculated using the equation
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3) PIRG% = _R2_ 100
=——X
° R1
where:
PIRG = Percentage inhibition of radial growth
R1=  the fungal radial growth (in cm) on control plates without the bacterial  treatment

R2= the radial growth (in cm) of S. sclerotiorum on plates treated with the bacterial isolate.

Evaluation of Earthworm Activity in the Sclerotia Consumption of Sclerotinia sclerotiorum in vitro: An in-vitro
experiment was conducted to evaluate the ability of the earthworm A. frapezvides to consume hydrated sclerotia of the pathogenic
fungus S. sclerotiornm, in order to investigate its potential impact on the pathogen's survival structures. The sclerotia were soaked
in sterile distilled water for 13 weeks to ensure complete hydration and readiness for consumption by the earthworms (12).
Plastic containers measuring 30X25 cm were used, each filled with 1 kg of sterilized soil at a depth of 5 cm. The containers were
perforated at the top to allow air exchange for the worms. Ten earthworms were introduced into each container and allowed to
acclimate to the soil for three days under suitable environmental conditions (tempetrature 20-25°C, adequate moisture, and
complete darkness). After the acclimation period, 20 pre-weighed hydrated sclerotia were evenly distributed into the soil of each
container. The experiment lasted for 15 days, during which the containers were maintained under stable conditions to allow
worm mobility and sclerotia consumption, with daily monitoring and soil moistening. At the end of the experiment, the
remaining sclerotia were separated from the soil using a fine sieve to ensure complete recovery. The recovered sclerotia were

classified into three categories:

1- Intact: Undamaged, showing no signs of consumption.

2- Partially consumed: Showing signs of damage and partial mass loss.

3- Fully consumed: Not found in the container, indicating complete consumption by the earthworms.

The number and weight of sclerotia were measured before and after the experiment using a precision balance. The percentage

of consumed sclerotia was calculated using the following formula:
. Initial number — Recovered number
). Percentage of consumed sclerotia= (( — )) x 100
Initial number
Likewise, the consumed weight of the sclerotia was calculated using the formula:
. IInitial weight— Final weight
(3). Consumed weight percentage= (( i g )) x 100
Initial weight

The effect of Trichoderma aggressivum, Earthworms, and Bacillus paralicheniformis on Disease incidence Severity,
and Systemic Resistance Induction Against Sclerotinia sclerotiorum in Cucumber Under Plastic House Conditions:
The experiment was conducted in a plastic house at Research Station B, Department of Plant Protection, College of Agricultural
Engineering Sciences, University of Baghdad, during the 2024-2025 growing season. The soil was prepared by performing all
necessary agricultural operations, including weed removal, plowing, leveling, and smoothing. Afterwards, the soil was sterilized
using the fungicide Beltanol and left for one month to ensure the elimination of any pesticide residues. The greenhouse was
divided into five beds, each measuring 25 meters in length and 80 c¢m in width per plot, with a one-meter distance between
plots. A drip irrigation system was installed to provide optimal conditions for the experiment. Treatments were arranged in a
randomized design with three replicates per treatment, each replicate containing 10 plants, along with a control treatment
(without any additions). Fifteen-day-old cucumber seedlings were planted with a spacing of 40 cm between plants. After the
plants had settled for several days, the biocontrol fungus T. aggressivum was inoculated on Panicum miliacenm seeds and applied to
the soil at a rate of 1 gram per plant at a depth of 5 cm for the treatments containing the biocontrol fungus. the inoculated seeds
wete prepared by first washing and sterilizing the seeds in flasks using an autoclave at 121°C and 1.5 kg/cm? pressure for 15
minutes on two consecutive occasions. Then, each flask was inoculated with five 0.5 cm diameter agar discs taken from the
actively growing edges of 7-day-old T. aggressivum cultures on PDA medium. The flasks wete incubated at 25 + 2°C for two
weeks with continuous shaking to ensure even fungal colonization before being mixed with the soil. The bacterium B.
paralicheniformis was applied by irrigating the root zone of the plant with 10 mL of the effective dilution (107) for the treatments

containing the bacterium. Additionally, earthworms (3 worms per plant) were introduced into the soil around the roots for the
g Y, perp
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treatments containing earthworms. A control treatment was also included, consisting only of cucumber plants inoculated with
8. sclerotiorum (SC1 isolate) without the addition of any biocontrol agents and was replicated three times. Leaf samples were
collected from plants treated with the mentioned factors for peroxidase enzyme analysis, which was conducted following the
method described by Hammerschmidt e a/. (15), and phenol content analysis according to the method of Meena ez a/. (27), at 7,
14, and 21 days after the fungal inoculation. The incidence was calculated after one week using equation (1), and disease severity
was estimated over three weeks based on the disease rating scale of Dixon and Doodson (10). Disease severity was calculated
according to McKinney’s formula (26). The Area Under Disease Progress Curve (AUDPC) was also calculated according to the
formula by Cooke ez al. (9) :

AUDPC= V2 Y (251+282+-+-+5X)

where:

S1= first severity reading

S2= second severity reading

SX= last recorded severity reading

RESULTS AND DISCUSSION

Isolation of the Pathogenic Fungus Sclerotinia sclerotiorum: Three isolates of the pathogenic fungus S. sclerotiornm were
obtained from infected cucumber plants grown in plastic houses (Tablel). Four to five days after inoculating the plates, the
fungal colonies showed white growth on the PDA medium, with light aerial mycelium extending vertically from the surface of
the plate to the lid. After approximately eight days, white aggregations formed due to mycelial accumulation, initially appearing

as

Tablel.Fungal isolates and their location

isolate name sampling location

SC1 Al-Yusufiyah
SC2 Al-Jadriya
SC3 Wasit

white masses accompanied by transparent exudates on the surface of the isolates. These gradually turned black, forming hard
sclerotia within 8—10 days after inoculation (Figurel). Differences were observed among the isolates in the shape, size, number,
and distribution of the sclerotia within the plate (Figure2). This variation may be attributed to morphological diversity,
differences in growth rate and sclerotia production, as well as genetic and environmental variation among the isolates (18).

Figure 1. Sclerotia development stages on PDA: 1) White mycelial colony at 5 days; 2) Hyphal aggregation into white masses
(8—10 days); 3) Mature black sclerotia formed (15-20 days).
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Figure 2: Different Distribution of sclerotia on PDA medium among S. sclerotiorum isolates at an age ranging from 15-20

days.

Pathogenicity Test of Sclerotinia sclerotiorum Isolates on Cucumber seedlings in Pots: The results of the pathogenicity
test in pots (Table 2, Figure 3) showed that all isolates were pathogenic to cucumber seedlings, with significant differences in
incidence and severity. Isolate SC1 recorded the highest incidence at 100%, which was significantly different from the control
treatment (0%), but not significantly different from isolate SC2, which had an incidence of 88.9%. This was followed by isolate
SC3, which showed an incidence of 66.6% and differed significantly from the other isolates. Isolate SC1 also showed the highest
severity of infection at 90.7%, not significantly different from SC2, which recorded 73.0%. Isolate SC3 showed an infection
severity of 44.0%, which was significantly different from the other isolates, while the severity in the control treatment was 0%.

The variation in disease

incidence and severity may be attributed to genetic differences among the fungal isolates and their ability to cause disease, as

well as the influence of the host plant from which these isolates were obtained.

these results were consistent with Buchwaldt (7) as he indicated that infection severity varies among . sclerotiorum isolates, where

genetic differences among isolates affected disease severity in canola (Brassica napus).

Table 2. Pathogenicity test of the isolated pathogen S.selerotiorum on cucumber seedlings.

isolate name % incidence % of disease severity
SC1 100 90.7

SC2 88.9 73.0

SC3 66.6 44.0
Control 0.0 0.0
LSD(0.05) 19.26 19.63
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Figure 3. Symptoms and severity of disease on cucumber seedlings in pots, showing the effects of different isolates of the

pathogenic fungus S. sclerotiorum (isolate names labeled on each image). The control treatment is displayed on the far left.
Antagonistic Activity Test of Trichoderma aggressivum Against the Pathogenic Fungus Sclerotinia sclerotiorum:

The results showed that the biocontrol fungus T. aggressivum exhibited a high antagonistic activity against the pathogenic fungus
8. sclerotiorum, recording an antagonism rating of 2 according to the scale of Bell ¢f a/. (6) , which represents the highest level on
the scale, after seven days of inoculating the culture medium (Figure 4). It was also observed that the biocontrol fungus made
contact with the mycelium of the pathogenic fungus, followed by the overgrowth of its colony over the pathogen’s mycelium
The antagonistic ability of T. aggressivum is attributed to several factors that make it an effective biocontrol agent against various
plant-pathogenic fungi. Among these factors is its ability to directly parasitize the pathogen’s mycelium by coiling around its
hyphae and degrading its cell walls using hydrolytic enzymes it secretes. Furthermore, it is characterized by its rapid growth and
competitive ability for nutrients and space, along with the production of growth-inhibiting compounds such as antibiotics and
hydrolytic enzymes, including -1,3-glucanases and chitinases. These traits are considered key mechanisms by which Trichoderma
spp. suppress plant pathogens (13, 4). This finding aligns with several previous studies (25, 24).

Figure 4. Antagonism of T. aggressivum against S. sclerotiornm

1: After 1 week; 2: After 2 weeks; 3: T. aggressivum alone; 4: S. sclerotiornm alone.

Antagonistic Activity Test of Bacillus paralicheniformis Against the Pathogenic Fungus Sclerotinia sclerotiorum: The
results of this test showed that using B. paralicheniformis as a biological control agent led to a significant inhibition of S. sclerotiorum
growth. Using the dual culture technique on PDA medium, the inhibition percentage reached 89.7% after 7 days of
incubation, compared to the control treatment which showed 0% inhibition (Table 4, Figure 5). The biocontrol potential of B.
paralicheniformis against phytopathogenic fungi has been linked to its ability to produce antifungal metabolites such as lichenysin,
bacillibactin, and fengycin. Its antagonistic properties align with eatlier studies showing that various Bacillus species isolated from
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plant surfaces and rhizospheres can suppress pathogens like Sclrotinia sclerotiornm on wheat and barley. These studies
demonstrated the effectiveness of several

Bacillus strains in inhibiting fungal growth through bioactive compounds. Similarly, B. paralicheniformis was identified as a potent
biocontrol agent with strong antifungal activity against pathogens such as Fusarium oxysporum, Curvularia microspora, C. akait, and
Rhizoctonia solani (36, 21).

Table 4. Antagonistic Effect of B.paralicheniformis on S. sclerotiorum

treatments inhibition%
B. paralicheniformis 89.7
Control 0.00
LSD 0.05 8.97

Figure 5. Antagonistic activity of B. paralicheniformis against S. sclerotiorum on PDA after 7 days of incubation. 1: Interaction
showing inhibition zone; 2: Control plate with S. sclerotiorum alone.

Determining the Most Effective Dilution of Bacillus paralicheniformis Against Sclerotinia sclerotiorum: The results
showed that the bacterial suspension was able to suppress the growth of Sclerotinia sclerotiorum effectively up to the 107° dilution.
At this level, a noticeable reduction in fungal growth was observed compared to the untreated control.

Evaluation of Earthworm Activity in Consuming the Sclerotia of Sclerotinia sclerotiorum under Laboratory
Conditions:

The results in (Table 3) showed that earthworms A. #rapezvides demonstrated a significant ability to consume the sclerotia of the
pathogenic fungus S. sclerotiorum after sufficient hydration, with a significant difference compared to the control treatment. The
petrcentage of consumed sclerotia by number reached 80%, while the consumed weight percentage reached 75.9%, compared
to the control treatment which recorded no consumption in either number or weight. This ability is attributed to the feeding
behavior and digestive system of earthworms, as they can feed on sclerotia and break down their structure, thereby reducing
the survival of the fungus in the soil and decreasing the sources of primary infection. These results indicate that earthworms
may play a promising role as a biological control agent by helping to reduce the quantity of S. sclerotiorum sclerotia in the soil.
These findings are consistent with Euteneuer ez 2/ (12), who reported that earthworms consumed up to 61.1 = 26.0% of
sclerotia, contributing to their reduction through ingestion.
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Table 3. Percentage of Sclerotia Number and Weight Consumed by Earthworms

treatment % of consumed sclerotia %of Consumed weight
Earthworms 80 75.9

Control 0.0 0.0

LSD 0.05 12.42 19.40

Effect of Trichoderma aggressivum, Earthworms, and Bacillus paralicheniformis on incidence, Severity, and
Systemic Resistance Induction Against S. sclerotiorum in Cucumber Under Plastic House Conditions: The results in
(Table 4) showed significant differences in disease incidence among the biocontrol treatments compared to the control. The
treatment involving T. aggressivum + SC1 recorded the highest significant reduction in disease incidence, reaching 76.67%, and
differed significantly from the treatments Bacillus paralicheniformis + SC1 and Earthworms + SC1, which recorded reductions of
83.33% and 86.67%, respectively, with no significant difference between them. All treatments showed statistically significant

reductions compared to the control treatment (SC1 isolate without any addition), which recorded a disease incidence of 96.67%.

Table 4. Effect of biocontrol agents on disease incidence in cucumber plants under plastic house conditions

Treatment disease incidence
T. aggressivum +SC1 76.67
B. paralicheniformis + SC1 83.33
Earthworms + SC1 86.67
Control (SC1) 96.67
LSD 0.05 7.63

The results in (Figure 6) also showed significant differences in disease severity by lowering the area under disease progress curve
(AUDPC) among the biocontrol treatments compared to the control. The treatment T. aggressivum + SC1 recorded the lowest
value of 82.20, followed by the treatment B. paralicheniformis + SC1, which recorded an AUDPC value of 99.03. Followed by
Earthworms + SC1 treatment, with an AUDPC value of 116.48, while the control treatment (SC1 without any addition) recorded
the highest AUDPC value of 158.32.

The results in (Figure 7) also showed that all treatments significantly increased peroxidase activity in cucumber plants infected
with the pathogen in compatison to the control treatment (SC1 without any addition). The enzyme activity was measured based
on the rate of change in absorbance per minute per gram of fresh weight. Peroxidase levels began to rise on day 7, peaked at
day 14, and then gradually declined. The T. aggressivum + SC1 treatment recorded the highest significant increase, reaching 56
and 79.77 at one and two weeks after adding the treatment, respectively. It was followed by the B. paralicheniformis + SC1 and
Earthworms + SC1 treatments, which recorded 46.27 and 65.8, and 45.93 and 62.03, respectively without a significant difference
between them. In contrast, the control treatment showed lower enzyme levels of 38.17 and 47.53 respectively.

the results in (Figure 8) also showed that all treatments led to a significant increase in total phenolic content compared to the
control treatment. Phenolic content was measured in milligrams per gram of fresh plant tissue. Levels began to rise on day 7,
peaked on day 14, then gradually declined. The highest increase was recorded in the T. aggressivum + SC1 treatment, reaching
86.6 and 118.1 at one and two weeks after treatment, respectively. This was followed by the B. paralicheniformis + SC1 and
Earthworms + SC1 treatments, which recorded 82.27 and 101.5, and 79.13 and 96.5 respectively with no significant difference
between them. The control treatment recorded the lowest values, 65.77 and 85.3 respectively.

The biological fungus Trichoderma spp. is considered one of the most effective biocontrol agents used against a wide range of
plant pathogens. This effectiveness is related to its multiple defense mechanisms, which include competing with pathogens for
nutrients and space, producing antifungal compounds such as peptaibols, gliotoxin, and trichokonins, and breaking down fungal

1325
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health
elSSN: 2583-1194

cell walls through enzymes like chitinases and B-1,3-glucanase. One of its most important roles is inducing systemic resistance
in plants. Trichoderma releases natural elicitors such as chitin oligosaccharides and -glucans that stimulate the plant’s defense
systems. This enhances the plant's ability to resist pathogens, even without direct contact between the fungus and the pathogen
(29). These findings are consistent with Singh ¢# a/. (34), who demonstrated that the induction of resistance against pathogens
is closely linked to the ability of Trichoderma spp. to colonize plant roots. This root colonization is considered one of the key
mechanisms in protecting plants from disease. Their study showed that eggplant plants treated with the biocontrol fungi
Trichoderma harzianum and Trichoderma asperellum, and infected with S. sclerotiornm, exhibited an increase in total phenolic compound
production 72 hours after infection. Additionally, there was a recorded rise in shikimic acid levels in the treated plants. The
study also reported a notable increase in the activity of plant defense enzymes such as Phenylalanine Ammonia Lyase (PAL),
peroxidase, and Polyphenol Oxidase (PPO) compared to other treatments. These results highlight the ability of Trichoderma spp.
to reprogram the plant’s defense system and provide effective protection against pathogenic fungi.

Bacillus spp. play a vital role in activating plant defense mechanisms, including induced systemic resistance (ISR), through the
production of elicitor compounds. These compounds trigger the jasmonic acid signaling pathway in the host plant, which in
turn strengthens the plant’s chemical and physical barriers against pathogen invasion which could be a possible mechanism in
reducing disease incidence and severity (22). The results were consistent with (19) that highlight the role of B. paralicheniformis in
activating induced systemic resistance (ISR) in plants. This mechanism is reflected in the increased activity of key defense
enzymes such as peroxidase, superoxide dismutase, phenylalanine ammonia lyase, and polyphenol oxidase, along with elevated
proline levels. These responses contribute to enhanced antioxidant defense and structural resistance which supports plant health
by priming internal defense pathways in addition to the antagonistic activity of this bacteria.

the presence of earthworms can induce systemic resistance (ISR) in plants by modulating gene expression related to both biotic
and abiotic stress responses. These responses were found to resemble those triggered by chemical signals released by plant
growth-promoting rhizobacteria (PGPR), suggesting that earthworms may release signaling molecules such as auxin and
ethylene. These molecules act as elicitors, priming the plant's defense system and enhancing its ability to resist pathogens even
before infection occurs, which strengthening the plant’s natural defenses ( 30). Earthworms contribute to induced systemic
resistance (ISR) by enhancing plant immunity through their activity in the soil. Their presence and their casting increases the
activity of defense enzymes like polyphenol oxidase, peroxidase, and phenylalanine ammonia lyase, which strengthen plant
defenses against pathogens (23).
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Figure 6. Area Under the Disease Progress Curve (AUDPC) of the pathogenic fungus S. sclerotiorum on cucumber plants
under plastic house conditions. The x-axis represents the date of disease severity readings, and the y-axis represents the
disease severity values.
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Figure 7. Effect of biocontrol agents on peroxidase activity (AAbs/min/g fresh weight) in cucumber plants infected with S.
sclerotiornm under plastic house conditions.
Values represent means of 3 replicates. LSD (0.05): 7 days = 5.80, 14 days = 5.16, 21 days = 5.68.

1327
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health
elSSN: 2583-1194

Total phenolic content (mg/g of fresh plant
tissue)

W 1st week ™ 2nd week B 3rd week

18.1

— 0
P ) 1

© r~ - - o b ™

g & S 3 S mm B s
“ 2 R &

I | |

T. AGGRESSIVUM+ SC1B. PARALICHENIFOERMIS EARTHWORMS + SC1 SC1(CONTROL)
+ SC1

Figure 8. Effect of biocontrol agents on total phenolic content (mg/g) in cucumber plants infected with S. selerotiornm under

plastic house conditions.
Values represent means of 3 replicates. LSD (0.05): 7 days = 3.73, 14 days = 6.98, 21 days = 9.65.

CONCLUSION:

The study evaluated the effects of Trichoderma aggressivum and Bacillus paralicheniformis against the pathogen in vitro and under

plastic house conditions. results showed strong antagonistic effects against S. sclerotiorum on cucumber, Earthworms (A.

trapezoides) effectively consumed hydrated sclerotia, reducing the potential for soilborne infection. All treatments significantly

reduced disease incidence and severity compared to the control. Enhanced peroxidase activity and phenolic content in treated

plants indicate induced systemic resistance.
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